The right variable region of the African swine fever virus (ASFV) genome is known to contain genes with functions involving virus virulence and host range in swine. A novel open reading frame, ORF l11L, which was absent in the non-pathogenic, cell cultureadapted European isolate BA71V, was identified in the pathogenic African isolate Malawi Lil-20/1. The location of l11L in the right variable region, together with its absence in BA71V, suggested that l11L may have a function in virus virulence and/or host range. Here, we show that the l11L gene is highly conserved among pathogenic African, European and Caribbean ASFV field isolates and that it exists either in a short form, encoding a
Introduction
African swine fever (ASF) is an important disease of domestic pigs for which animal slaughter and area quarantine are the only methods of control. African swine fever virus (ASFV), the causative agent of ASF, is a large dsDNA virus which is the only member of an unnamed family of viruses and is the only known DNA arbovirus (Brown, 1986 ; Costa, 1990 ; Dixon et al., 1995) . In nature, ASFV infects both warthogs (Phacochoerus aethiopicus) and bushpigs (Potamochoerus spp.) as well as ticks of the genus Ornithodoros (Plowright et al., 1994) . The mechanism of ASFV transmission from the natural cycle to domestic pigs is most probably through infected Ornithodoros ticks feeding on pigs (Plowright et al., 1969 ; Thomson, 1985) . In domestic pigs, ASFV is typically highly lethal, but can produce a wide range of clinical forms ranging from peracute death to chronic infection. ASFV is transmitted between domestic pigs by either direct or indirect contact (Mebus, 1988 ; Plowright et al., 1994) . Genomic variability of ASFV isolates has been described previously (Wesley & Tuthill, 1984 ; Thomson, 1985 ; Dixon & Wilkinson, 1988) . This diversity in the ASFV genome resides in the left, central and right variable genomic regions (Blasco et al., 1989 a, b ; Sumption et al., 1990) . Restriction endonuclease site mapping of African, European and Caribbean ASFV isolates indicated that a left variable region of 38-47 kb and a smaller right variable region of 13-16 kb were present . Similar results were obtained for ASFV isolates from disease outbreaks in Malawi where a 48 kb left variable region, a 22 kb right variable region and a 4 kb central variable region were described (Sumption et al., 1990 ; Irusta et al., 1996) . Deletions ranging from approximately 1-7 kb in the terminal variable regions were observed, with some of the length changes attributed to additions or deletions in the inverted terminal repetitions (Blasco et al., 1989 b ; Tabares et al., 1987 ; Yozawa et al., 1994 ; Z. Lu, L. Zsak, G. F. Kutish, J. G. Neilan & D. L. Rock, unpublished data) . The overall genomic structure and organization of ASFV are similar to poxviruses (Costa, 1990 ; Yanez et al., 1995) . With poxviruses, genes contained within the terminal variable regions are often nonessential in vitro, but have important host-range functions (Goebel et al., 1990 ; Massung et al., 1993 ; Senkevich et al., 1997) .
Two highly conserved ASFV virulence-associated genes have been identified in the right variable region of the European ASFV isolate E70 genome. Although non-essential for virus growth in swine macrophage cell culture, deletion of NL-S, a gene with similarity to the neurovirulence-associated herpes simplex virus gene ICP34.5, resulted in near complete attenuation of ASFV virulence in domestic pigs (Zsak et al., 1996) . Deletion of a second non-essential right variable region gene, UK, from E70 also resulted in in vivo attenuation, though not as marked as that observed for the NL-S gene deletion mutant (Zsak et al., 1998) .
l11L, an ORF of 234 bp, was identified in the right variable region of the pathogenic African isolate Malawi Lil-20\1 (Dixon et al., 1994 Rock, unpublished data) . Interestingly this gene and flanking sequences (2 kbp upstream and 0n75 kbp downstream) were absent from the non-pathogenic cell culture-adapted ASFV isolate BA71V (Yanez et al., 1995) . l11L is a novel gene with no similarities to other genes or to known protein motifs in the current databases.
Here the ASFV gene l11L is further characterized. The data obtained indicate that l11L is highly conserved among pathogenic ASFV isolates from diverse sources, and probably encodes an integral membrane protein ; that l11L is transcribed late in the virus replication cycle ; and that deletion of l11L from the Malawi Lil-20\1 genome does not affect virus growth in swine macrophage cell cultures nor virus virulence in domestic pigs.
Methods
Cell culture and viruses. Primary porcine peripheral blood mononuclear cell cultures were prepared as previously described (Genovesi et al., 1990 ; Neilan et al., 1997) . Virus titrations were determined by haemadsorption and were calculated by the method of Reed & Muench (1938) .
ASFV isolates used in this study were the following : pathogenic tick isolates Chiredzi\83\1, Crocodile\96\1, Crocodile\96\3, Malawi Lil-20\1, Nooitverwacht\96\6, Noord Biabant\96\1, Pretoriuskop\96\4 and Wildebeeslaagte\96\1 ; pathogenic pig isolates Camaroon, European-70, Kerita, Spencer, Tengani, Ugandah61, Victoria Falls and Zimbabwe ; and the pathogenic tissue culture-adapted isolate Dominican Republic 2. Chiredzi\83\1 (Hess et al., 1989) and Malawi Lil-20\1 (Haresnape et al., 1988) were isolated from Ornithodoros spp. ticks in 1983. Crocodile\96\1, Crocodile\96\3, Nooitverwacht\96\6, Noord Biabant\96\1, Pretoriuskop\96\6 and Wildebeeslaagte\96\1 were isolated from Ornithodoros porcinus porcinus ticks collected from the Republic of South Africa in 1996. All other isolates were obtained from the Plum Island Animal Disease Center reference collection.
DNA preparation, cloning and sequencing. Viral DNA for PCR or restriction endonuclease analysis was isolated from purified virions using Proteinase K and SDS lysis followed by phenol extraction and ethanol precipitation (Wesley & Tuthill, 1984) . Following restriction endonuclease digestion, DNA was separated by electrophoresis and blotted to Hybond N (Amersham) by capillary action (Sambrook et al., 1989) . Chemiluminescence (ECL direct nucleic acid labelling and detection system, Amersham) was used for Southern blot hybridization analysis.
The l11L gene was amplified by PCR on purified viral DNA according to the supplierhs instructions (PCR Core Kit, Boehringer Mannheim) for 35 cycles (94 mC, 10 s ; 50 mC, 30 s ; 72 mC, 30 s) with a final 10 min incubation at 72 mC. The primers used were : l11L\lg-forward primer, 5h TATCTTGTTTTACAGCTTCT 3h ; and l11L\lg-reverse primer, 5h ATATGATGTCAAACAATTAT 3h. Amplified products were cloned into the TA cloning vector pCR II (Invitrogen) and sequenced using the T7 and Sp6 primers. Two independent clones from each isolate were sequenced completely with an Applied Biosystems 377 automated DNA sequencer. The ABI sequence software (version 3.0) was used for lane tracking. Chromatogram traces were base called with Phred (version 0.961028) and the sequence was assembled with Phrap (version 0.0.96731) with some subsequent manual editing using the Consed (version 4.1) sequence editor.
Construction of ASFV ∆l11L recombinant. Flanking genomic regions to the left and right of l11L were amplified by PCR using Malawi Lil-20\1 genomic DNA as a template. Primer sets, each of which introduced a BamHI restriction site adjacent to l11L and either a SacI (left flanking fragment) or EcoRI (right flanking fragment) site at the opposite end, were : left flank forward primer, 5h GGCGCGAGCTCACCTATTTCTATC-CATAATC 3h ; left flank reverse primer, 5h GCGCCGGATCCACAATACTACTTC-AACTCTT 3h ; right flank forward primer, 5h GGCGCGGATCCTTTCAAATAGA-GTGTGTTAT 3h ; right flank reverse primer, 5h GCGCCGAATTCTATAGGATGACG-ACATTTTA 3h.
The PCR products were digested with the appropriate restriction endonucleases and sequentially cloned into the BlueScript II SK(j) (Stratagene) phagemid vector. A reporter gene cassette containing the β-glucuronidase gene with the ASFV p72 late gene promoter, p72GUS (Neilan et al., 1997) , was inserted into the BamHI-digested recombinant plasmid to yield the p72GUS∆l11L transfer vector. Macrophage cell cultures were infected with Malawi Lil-20\1 (m.o.i. l 10) and then transfected with p72GUS∆l11L as previously described (Neilan et al., 1997 ; Zsak et al., 1996) . A recombinant virus was plaque purified and verified as a product of double crossover recombination.
RT-PCR analysis. Porcine peripheral blood mononuclear cells (5i10' per time-point) were infected with Malawi Lil-20\1 (m.o.i. l 10) and total RNA was prepared from infected cells by guanidine isothiocyanate lysis and CsCl ultracentrifugation as previously described (Kleiboeker, 1995) . Infected cells were harvested at 0, 2, 4, 8, 16 and 24 h post-infection (p.i.) By 24 h p.i. cytopathic effect was complete. Total RNA (5 µg) was treated with 100 units of RNase-free DNase I (Boehringer Mannheim) for 4 h at 37 mC according to the supplier's instructions. Following DNase treatment, samples were extracted with the RNeasy Mini Kit (Qiagen), then denatured in the presence of 2 µg random hexamers (GibcoBRL Life Technologies) at 94 mC for 5 min. Reverse transcription was performed with 200 units SuperScript RNAse H − Reverse Transcriptase (GibcoBRL Life Technologies) for 1 h at 42 mC according to the supplier's instructions. The negative control for each time-point was an aliquot of each sample without addition of the reverse transcriptase. Resulting cDNAs were then amplified by PCR for 35 cycles (94 mC, 10 s ; 53 mC, 30 s ; 72 mC, 30 s) with a final 10 min incubation at 72 mC. The primers used were : l11L-forward primer, 5h ATGTTGGA-ACCATTATTAGT 3h ; and l11L-reverse primer, 5h TTTATTTTTTA-CAATTAACA 3h.
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Transcriptional analysis of l11L. 5h Rapid amplification of cDNA ends (RACE) was performed on 2 µg total RNA purified 8 h p.i. from peripheral blood mononuclear cells infected with Malawi Lil-20\1 (m.o.i. l 10) as described above. All reagents (5h RACE System, GibcoBRL Life Technologies) were used according to the supplier's instructions. The l11L gene specific primer used for cDNA synthesis was 5h GAATTATTACCTAAGAAAGT h3. Following cDNA synthesis and tailing, PCR was performed (PCR Core Kit, Boehringer Mannheim) for 30 cycles (94 mC, 20 s ; 53 mC, 30 s ; 72 mC, 30 s) with a final 10 min incubation at 72 mC. Primers used for PCR were : 5h RACE Abridged Anchor Primer (GibcoBRL Life Technologies) ; 5h GGCCACGCGTCG-ACTAGTACGGGIIGGGIIGGGIIG 3h ; and an l11L gene specific primer, 5h AGTATTGTTTAATATCTGCC 3h. Amplified products were cloned, and eight independent clones were sequenced as described above.
Animal infections.
Yorkshire pigs (20-30 kg) were inoculated intramuscularly with 2 log "! HAD &! of parental Malawi Lil-20\1 or the deletion mutant, ∆l11L. Clinical signs of ASF, including fever (defined as a rectal temperature 40 mC), anorexia, lethargy, shivering, cyanosis and recumbency, were monitored daily. To determine viraemic titres, heparinized blood drawn from the anterior vena cava was held at k70 mC until used, thawed at 37 mC, sonicated for 1 min on ice, serially diluted and added to primary porcine mononuclear cells in 96-well plates (Primaria, Falcon). 
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Results and Discussion
l11L, a unique right variable region gene, is conserved among pathogenic ASFV isolates
The degree of l11L gene conservation among pathogenic ASFV isolates was assessed by amplifying the gene from virion DNA purified from one European pathogenic isolate (European-70), one Caribbean pathogenic isolate (Dominican Republic 2), seven African pathogenic pig isolates (Camaroon, Kerita, Spencer, Tengani, Ugandah61, Victoria Falls, Zimbabwe) and seven African isolates from O. porcinus porcinus ticks (Chiredzi\83\1, Crocodile\96\1, Crocodile\96\3, Nooitverwacht\96\6, Noord Biabant\96\1, Pretoriuskop\ 96\4, Wildebeeslaagte\96\1). Two groupings of highly related proteins were apparent based on amino acid identity ( Fig. 1) : (1) a shorter protein of either 77 or 78 amino acids with a predicted molecular mass of 9n1 kDa and a pI of 9n5 ; or (2) a longer protein of either 93 or 94 amino acids with a predicted molecular mass of 11n1 kDa and a pI of 9n9. The predicted l11L protein of Malawi Lil-20\1, Victoria Falls, Zimbabwe, Pretoriuskop\96\4, Crocodile\96\1 and Chiredzi\83\1 was 78 amino acids long ; that of Noord Biabant\96\1, Nooitverwacht\96\6, Wildebeeslaagte\96\1, and Crocodile\96\3 was 77 amino acids long ; of Spencer and Ugandah61, 94 amino acids long ; and of Camaroon, Dominican Republic 2, European-70, Kerita and Tengani, 93 amino acids long. The long form of the protein resulted from the addition of amino-terminal residues. The one amino acid difference in size seen between proteins in both the long and short form groups was due to deletion of an asparagine at consensus amino acid residue 80. Overall, the Malawi Lil-20\1 isolate showed 80 % identity at the amino acid level when compared with the remaining isolates which were 90-100 % identical compared to each other. While the Malawi Lil-20\1 isolate was most different from the other isolates, the differences between amino acid sequences were not sufficiently significant to allow the construction of a robust, ordered phylogenetic tree (amino Poisson distance estimate by using a neighbour-joining branch length test with 1000 bootstrap samples, χ# l 2n035, 6 d.f. ; Takezaki et al., 1995 ; Tamura & Nei, 1993) . There were 19 polymorphic sites with 14 occurring in the last 25 carboxyterminal residues, and more than half were conservative substitutions (PAM 250 cut-off l 0n4) with a 0n06 average change per residue.
At the nucleotide level the l11L gene of the Malawi Lil-20\1 isolate showed 85 % identity when compared with the remaining isolates, which were 94-100 % identical when compared to each other. The following groups of ASFV isolates were identical at the nucleotide level : (1) Wildebeeslaagte\96\1, Nooitverwacht\96\6, Noord Biabant\96\1; (2) Spencer, Ugandah61 ; (3) Chiredzi\83\1, Crocodile\96\1, Pretoriuskop\96\4, Zimbabwe ; and (4) Camaroon, Dominican Republic 2, European-70, Kerita. The l11L gene sequences contained 38 polymorphic nucleotide sites with 126 changes for a 2n0 corrected average transition\transversion ratio and a 0n03 average change per nucleotide position. In contrast to the amino acid comparison, at the nucleotide level there was evidence of difference between the Malawi Lil-20\1 isolate and the other isolates (Kimura 2-parameter distance estimate with a branch length test and a mutation rate constancy test ; χ# l 18n52, 8 d.f., P l 0n005). The remaining isolates were not significantly different from each other (χ# l 6n9, 8 d.f., P l 0n33). The Malawi Lil-20\1 nucleotide difference was due solely to 24 unique polymorphic sites even though the ratio of non-synonymous to synonymous codons (0n05 to 0n06) and the silent third base composition were the same among all isolates. These data indicate that l11L is conserved among a diverse group of pathogenic ASFV isolates, including both pig and tick isolates. This suggests a significant function for l11L in some aspect of ASFV-host interaction.
The predicted l11L protein of all ASFV isolates examined contained two statistically significant predicted membrane spanning segments (Fig. 1 ) similar to integral membrane proteins where the amino and carboxy termini are extracellular with a short cytoplasmic loop between the transmembrane domains (Claros & von Heijne, 1994 ; Jones et al., 1994) . The additional 16 amino-terminal residues present in the long l11L (Devereux et al., 1984) using the Dayhoff PAM 250 symbol comparison table with a 0n4 cut-off value. Residue differences are shown above the consensus sequence with conservative substitutions in upper case and non-conservative substitutions in lower case. A period or full stop (.) denotes missing amino acids. An asterisk (*) denotes predicted N-glycosylation sites. Symbols for the two predicted transmembrane spanning regions are (o) external face, (x) transmembrane, (i) internal face, (j) cytoplasmic loop (Claros & von Heijne, 1994 ; Jones et al., 1994) . protein were hydrophobic. The carboxy terminus contained two predicted N-glycosylation sites (Prosite PS00001 ; Bairoch et al., 1997) . There were no significant similarities between l11L and any known proteins, except for those containing potential transmembrane regions, in the GenBank or EMBL databases using FASTA (Wilbur & Lipman, 1983) and BLAST2 (Altschul et al., 1990 (Altschul et al., , 1997 searches, indicating that l11L is a novel gene.
l11L is a late gene
To determine when during virus infection l11L was expressed, RT-PCR was performed on RNA extracted from Malawi Lil-20\1-infected macrophage cell cultures. A transcript corresponding to l11L was first detected late in virus infection, at 8 h p.i., appeared most abundantly at 16 h p.i., and was still detectable at 24 h p.i., a time when the cytopathic effect was complete (Fig. 2) . As a control, all cDNA samples were tested with PCR primer pairs specific for p30, an early gene, and p72, a late gene ; samples at 2, 4, 8, 16 and 24 h p.i. yielded a product for either one or both of the primer pairs, indicating that cDNA from ASFV transcripts had been prepared in each sample (data not shown). Negative controls, which were handled identically except that reverse transcriptase was not added to the RT reaction mix, did not yield a product after PCR amplification using any of the primer pairs (data not shown). To map the transcription initiation site of l11L, 5h RACE analysis was performed on total cellular RNA purified from Malawi Lil-20\1-infected macrophage cell cultures at 8 h p.i. Sequence analysis of eight independent clones demonstrated that transcription initiated at an adenine residue either 10 bases (n l 7) or 9 bases (n l 1) upstream from the l11L translational initiation codon (Fig. 2 b) . This result is consistent with those reported for other known ASFV late genes. Transcripts for the late genes A224L and I226R initiated 16-19 and 8-11 bases upstream of their respective translational start sites (Chacon et al., 1995 ; Rodriguez et al., 1996) .
Construction and analysis of the ASFV recombinant ∆l11L
The recombinant virus ∆l11L was generated by homologous recombination between the parental ASFV genome and an engineered recombination transfer vector, as previously described (Neilan et al., 1997 ; Zsak et al., 1996) . The deletion removed 55 bases upstream of the l11L start site and the majority of the coding sequence. Due to the presence of the putative promoter for VP22, 65 bases from the 3h end of l11L were left intact. These sequences do not contain a start codon, so expression of a truncated l11L protein was not possible. Genomic DNA prepared from parental and ∆l11L viruses was digested with BamHI, gel electrophoresed, Southern blotted and hybridized with DNA probes. The terminal BamHI fragment containing the right variable region of the Malawi Lil-20\1 genome is approximately 10 kb long. An l11L gene probe, corresponding to the deleted portion of l11L, hybridized to this fragment in parental virus (Fig. 3 c, lane 1) but failed to hybridize with genomic DNA from ∆l11L (Fig. 3 c, lane 2) . Novel BamHI fragments of predicted sizes 5n2 and 4n6 kb were present in ∆l11L due to the introduction of two new BamHI sites by the transfer vector (Fig. 3 a) . Probes corresponding to the left and right flanking fragments hybridized with the 5n2 (Fig. 3 c, lane 4) and 4n6 kb (Fig. 3 c, lane 6) BamHI fragments, respectively, from ∆l11L DNA. PCR analysis failed to detect any contaminating parental virus in the DNA preparation from ∆l11L (Fig. 3 b, lane 3) . Together these data indicate that the ∆l11L mutant was of the expected genomic structure and was free of contaminating parental virus. is approximately 10-100 LD "!! for this virus (Neilan et al., 1997) . Both groups of pigs presented with clinical signs of ASF 3-4 days p.i., and in all cases these signs progressed until death (Table 1) . No significant differences in the onset or course of clinical disease, viraemia, nor in time to death, were detected for the two groups. Therefore, deletion of l11L from Malawi Lil-20\1 had no effect on disease course nor virus virulence in domestic pigs.
In conclusion, while the high degree of conservation suggests a significant role for l11L in some aspect of ASFV-host interaction, this study demonstrates that l11L is non-essential in vitro and has no effect on virus virulence in the domestic pig. To date, three other highly conserved genes have been identified in the right variable region of the ASFV genome and two of these, NL-S and UK, have been associated with virus virulence and swine host range (Z. Lu, L. Zsak, G. F. Kutish, J. G. Neilan & D. L. Rock, unpublished data ; Zsak et al., 1996 Zsak et al., , 1998 . A role for l11L in ASFV interactions with either of its natural hosts, Ornithodoros spp. ticks or warthogs, could be hypothesized.
